Urine amylase activity wa s measured in 142 boys and girls including unrelated twin individuals, aged 12-16 years. Statistical analysis revealed different distribution in the group with positive protein or blood reaction. Log distribution in a homogeneous sample population was unimodal with a skewness (~/~=-0.6493) and kurtosis (~2=3.4917). Intraclass correlation coefficients of overall activities were 0.6696 (p < 0.001) in MZ twins (50 pairs) and -0.1299(n.s.) in DZ twins (22 pairs). In the rate of isozyme activity, correlation was nonsignificant.
INTRODUCTION
Amylase activity of human body fluids is known to be influenced by such disease conditions as chronic and acute pancreatitis. On the other hand, amylase activity is also known to vary among individuals. The present study aims at clarifying genetic control of overall amylase activity and the rate of isozyme activity in urine and plasma in healthy subjects.
Human amylase is separated into two isozymes, Amy 1 and Amy 2, by electrophoresis (Aw, 1966; Norby, 1964; G6tz et al., 1968; Vacikov~i and Blochov~, 1969; Muss and Vnenchak, 1964; Berk et al., 1966; Wolf and Taylor, 1967) and by Sephadex chromatography (Fridhandler et al., 1972) . Amy 1 has been regarded to have salivary gland origin, and Amy 2 pancreas origin, but the isozymes can also be found in serum and urine, as well as in other body fluids such as duodenal aspirate, tear fluid and amniotic fluid. Variants of the two isozymes, codominant to normal isozymes, were reported (Kamarj~t and Laxov~ 1965, 1966; Wolf et aL, 1971; Merritt et al., 1973) , and gene loci of the two isozymes are both assigned to chromosome 1 (Kamars~t et al., 1971 ; Merritt et al., 1972) .
The present study consists of five parts. First and second are the studies on the distributions among the general population of overall amylase activity and the rate of isozyme activity in urine and plasma, respectively. Third and fourth are on twin correlations of urine and plasma overall amylase activity and the rate of isozyme activity. Fifth is an estimation of heritability of overall plasma amylase activity and the rate of isozyme activity using parent-offspring regression in twin families.
MATERIALS AND METHODS
Subjects. The initial sample of general population subjected for the study of urine amylase activity consists of 80 twin individuals and 62 singletons, totaling 142 unrelated subjects, aged 12-16 years. For the study of plasma amylase activity 36 twin individuals aged 13-15 years were regarded to constitute a sample of the general population. AI1 these subjects are students at Junior and Senior High Schools attached to the Faculty of Education, University of Tokyo and their grades are 1 to 3 in Junior High, and 1 in Senior High. Twins subjected to the correlations and heritability studies below are also students at the above school. For the study of twin correlations of urine overall amylase activity 50 monozygotic (MZ) and 22 dizygotic (DZ) twin pairs aged 12-16 years were examined. All urine specimens were collected at either of 9 : 20, 10 : 20, 11 : 20 a.m. or 0 : 20 p.m. For the study of twin correlations of overall plasma amylase activity 29 MZ and 7 DZ twin pairs were subjected to the study, and heparinized blood was taken on the same day within 2 hr. For the heritability study heparinized blood from another sample of twins (17 males and 21 females from i9 pairs, aged 11 and 12 years) and their parents was taken on the same day within 3 hr for the examination of overall plasma amylase activity. Blood was similarly taken from an additional sample of twins (18 males and 16 females from 17 pairs, aged 11 and 12 years) and their parents for estimating heritability of the rate of isozyme activity in plasma.
At the school subjects were not selected at the enrollment, except for area of residence and academic achievements. They were normal and in good health. Zygosity of twins was diagnosed by two methods of Inouye (1956 Inouye ( , 1962 . The latter method employs ABO, MN blood groups, ABH secretor, finger prints, earwax type, PTC, and mid-digital-hair. The former method employs, besides the above traits, other anthropological traits and genetic markers.
By electrophoresis it is confirmed that no variant is included in the present subjects.
Measurement of overall amylase activity. Overall amylase activity of urine and plasma was determined by using Amylase Test Daiichi (Lot No. 007RFX, Daiichi Pure Chemicals Co., Tokyo, Japan). The procedure was as follows: 0.1 ml urine or plasma and 4 ml of distilled water were preincubated at 37~ for 5 rain. One starch tablet was added to each tube. After rigorous shaking with a touch-mixer for 10 sec, tubes were incubated at 37~ for 30 rain for plasma, and 15 rain for urine. A blank containing distilled water instead of the specimens was treated in the same same way. The reaction was stopped by adding 1 ml of 0.5 N NaOH, then the mixture was read at 620 nm on a HITACHI 124 Spectrophotometer comparing to the rate of the blank. Readings were converted into Somogyi units.
Eleetrophoresis.
A quantitative analysis of Amy 1 and Amy 2 isozymes in urine and plasma was performed after electrophoresis. Electrophoresis using 5% polyacrylamide thin layer gel (1 ram) was carried out at 1 mA per cm for 3 hr at 4~ with Tris-HC1 buffer for gel and Boric acid-NaOH buffer for electrode. The gel was incubated at 37~ in 1% soluble starch solution containing 0.2% sodium chloride for 3 hr. After incubation the gel was immersed in 5% acetic acid for 3 rain, and developed with KI-iodine solution. Densitometry was done at 620 nm on Densitron Model PAN II JOOKOO and areas corresponding to the major Amy 1 and Amy 2 isozyme bands were measured on the recording paper. In the following chapters the area of the major Amy 1 isozyme band is designated S, and that of the major Amy 2 isozyme band is P.
RESULTS

Overall urine amylase activity and the rate of isozyme activity in the general population Preliminary examination of the daily fluctuation of overall urine amylase activity.
It is known that urine amylase activity varies diurnally. Therefore, a preliminary test was performed on 4 healthy women, and a regression equation (Y= 675--92X, X = 1, 2, 3) was obtained. The regression coefficient was tested by the conventional F-test after Rao (1952) , and the equation was utilized for the correction of amylase activity to that measured at a fixed time (0 : 20 p.m.).
Effects of urine protein, blood reaction, pH and glucose on overall urine amylase activity. Hema-combistix (Ames Division, Miles-Sankyo Co.) were used to determine the level of urinary protein levels (-, __+ : 5-20 rag/100 ml, + : 30 rag/100 ml, + + : 100 rag/100 ml), presence of blood (positive at low, medium, high levels), pH (5, 6, 7, 8) and glucose levels (-, __+ : 0.25%, + : 0.5%, + + : more than 0.5%).
There was no individual with glucose positive urine.
As to the overall amylase activity variances of protein-positive (+ or more) urine (N=15) and protein negative urine (N=127) were significantly different (F = 2.744, p < 0.05), and the mean was higher in the former than in the latter. After having excluded protein positive urine specimens the effect of blood reaction was examined.
Variance of blood reaction positive urine (N= 8) and blood reaction negative urine (iN = 119) were significantly different (F = 3.715, p < 0.01). The mean was higher in the latter than in the former. The effect of pH was then examined, after having excluded the blood reaction positive urine specimens.
Variance of the two groups, pH 7 or over (N=9) and 6 or under (N= 110) were not significantly different. Group of pH 6 or under indicated a higher mean than the group of pH 7 or over, but the difference was not significant.
Effect of time of urine collection on overall urine amylase activity. Next the protein-negative and blood reaction negative urines were analyzed in relation to the time of urine collection. As mentioned above, the activity values subjected to this analysis were those already corrected for sampling time. The amylase activity of the urine collected at different sampling times indicated no statistically significant differences. As to the effect of age, the amylase activity of the urine taken from 1st grade students of Junior High School (aged 12 and 13 years) indicated a significantly different variance from the rest of the classes, and they were excluded from the sample.
Distribution of overall urine amylase activity. The number of remaining subjects after the above exclusions (protein-positive, blood reaction positive and students of Junior High School grade 1) is 67 and constituted the final sample of the general population. A significant regression of activity on school class was indicated, with a tendency of increase of amylase activity with age, ranging from 13 to 16 years. Sex difference was not significant.
The logarithmic distribution of overall urine amylase activity among the final samples of the general population was unimodal with a skewness (~/~=-0.6493) and a kurtosis (~=3.4917). The mean was 360.6-t-197.7 Somogyi unit.
Distribution of the rate of isozyme activity in urine. As to variances and means of the rate of isozyme activity (S or P/S + P) of urine there was no significant difference between protein positive and negative specimens, between blood reaction positive and negative specimens or between specimens with pH 6 or under and 7 or over. No significant difference was also indicated among the specimens with different time of urine collection or between sexes, or among school classes. Distribution of the rate of Amy 1 activity (S) or Amy 2 activity (P) to S + P activity of urine fter tr n o mat,on are
1.
The mean were 43.2865___ 7.8592 (Sin-l~/. S~)and 46.5735___7.8349 (Sin-l~/o Pn).
Overall plasma amylase activity and the rate of isozyme activity in the genera[ population
The Number of subjects is 36. Sex difference was not indicated in overall amylase activity or the rate of isozyme activity of plasma. Logarithmic distribution of overall activity was also unimodal with a skewness (~/~=0.2321) and a kurtosis (~2= -0.7416). The mean is 123.0_+31.0 Somogyi unit. For isozyme activity rates, Overall activity 0.6696** n=50 9 -1 ~S 0.2317 Sm ~/S+P n=41 * Significant at the 0.01 level of probability. ** Significant at the 0.001 level of probability. A significantly lower pancreatic isozyme activity rate was seen in plasma compared to urine (t= 5.7805, p <0.001).
Twin correlations of overall urine amylase activity and the rate of isozyme activity.
Subjects were selected in accordance with the criteria for the final sample of general population subjected for the study of o#erall urine amylase activity. Intraclass correlation coefficients of overall amylase activity and the rate of Amy 1 activity (S) to S + P activity of urine after angular transformation are shown in Table 1 . As to overall activity a higher intraclass correlation coefficient was indicated in MZ twins than DZ twins. But in the rate of isozyme activity the correlation coefficient is nonsignificant, and the difference between MZ and DZ twins is not clear. 
Twin correlations of overall plasma amylase activity and the rate of isozyme activity
Intraclass correlation coefficients of overall activity and the rate of isozyme activity of plasma are also shown in Table 1 . Unlike urine, the findings in MZ twins indicated significant and higher correlation coefficients than those of DZ twins in these comparisons, but z test on the difference between MZ and DZ twins was significant only in overall activity.
Heritability of overall plasma amylase activity and the rate of isozyme activity
Correlations of overall plasma amylase activity and the rate of isozyme activity between family members are shown in Table 2 . A low mother-daughter correlation is indicated. Heritability (h 2) of overall plasma amylase activity was estimated at 0.5298 from parent-offspring regression and 0.4408 from mid-parent-offspring regression. For the rate of isozyme activity (Sin -~ ), h z was 0,7525 from parentoffspring regression and 0.6163 from mid-parent-offspring regression,
DISCUSSION
McCorkle and Goldman (1942) reported that amylase activity of serum of a normal person was usually very nearly at the same level regardless of fasting, feeding, kind of foods, time of day and exercise. Van Riet and Hoeke (1968) reported that in 10 normal subjects urinary excretion of amylase during a 24-hour period took an unpredictably irregular course, showing no systematic diurnal peak, nor a nocturnal dip. In the present preliminary study, urinary amylase activity differs with respect to the time of day extending over two hours. In order to examine the validity of this finding, the regression of activity on the time of urine sampling was taken into account in order to convert the activity values in the general population. The converted value no longer indicated significant daily fluctuation.
Amylase activity of protein-positive urine was higher than protein-negative urine.
The result is in accordance with O'Donnell and McGeeney (1974) who found that amylase hydrolysis of the insoluble starch substrate (PHADEBAS) requires addition of protein for optimal activity. The same finding was reported by otherinvestigators (Irie et al., 1972; Hall et aI., 1970 : Searcy et aI., 1964 Ujihira et al., 1965) . Reif and Nabseth (1962) reported that blood reaction negative urine indicated higher activity than blood reaction positive urine, which is in agreement with the present result.
Amylase activity has a broad range of pH between 3.8 and 9.4, with a optimum at pH 6.9 (Bernfeld 1955; Walker and Hope 1963) . O'Donnell and McGeeney (1974) reported that at pH 5.4 and with 7 ~mol/liter albumin, there was 6-fold increase in activity of urine amylase over the control, but at pH 6.0, the increase was 2-fold. On the other hand Aw (1974) used radioactive starch, and reported that the pH of maximum activity was 7.0. In the present study, in urine, the mean of the group of pH 6 or under was higher than that of the group of pH 7 or over, although the difference is not significant.
Some investigators (Ceska et al., 1969; Van Riet and Hoeke, 1968) reported that there seemed to be no correlation between amylase activity and age or sex. In the present study, however, it seems to increase with the age. Sex difference was not indicated.
The log overall urine amylase activity in the final sample revealed unimodal distribution. However, if antilogarithm is taken there is a second small peak in the higher range. If a genetic variant is included, it may consist the second peak. Differences of enzyme activities among different genotypes were reported in acid phosphatase (Spencer et al., 1964; Harris, 1966; Eze et al., 1974; Pihar, 1975) glutamic pyruvic transaminase (Chen et al., 1972) and adenylate kinase (Modiano et al., 1970) , but there is no report with respect to amylase. In the present subjects no variant was found by electrophoresis, but a possibility exists that the second peak may represent a thus far unknown variant which can not be demonstrated by the present electrophoretic method. In 3 MZ twin pairs both twins indicated high urine amylase activity (800-1,000 Somogyi unit), and this finding supports the above hypothesis. In plasma amylase activity such second peak was not indicated, and this result might be due to small sample size.
As to the rates of Amy 1 or Amy 2 in plasma and urine it is well known that pancreatic isozyme is considerably more rapidly cleared by the kidney (Levitt et al., 1969; Duane et al., 1971 Duane et al., , 1972 . In serum, activity of pancreatic isozyme comprised less than half the total activity, 26.7 to 49.1~, according to the Fridhandler et al. (1972) . The rate was 46.5+ 6.4~ according to Kamar57t (1969) and between 26.7~ and 56.0~ according to Berk and Fridhandler (1975) . Ojala and Harmoinen (1975) reported a similar finding with the ratio of pancreatic to salivary amylase activities in 49 healthy adults between 0.5 and 2.45 in serum and between 1.22 and 5.88 in urine. The present result is in accordance with the above previous findings.
It has been reported that the rates of isozyme and overall activity change in pathological conditions (Berk and Fridhander, 1975; Flick et al., 1970; Saxon et al., 1957; McCorkle and Goldman, 1942) . In the present study subjects are normal and no significant correlation was found between Sin-l~/s@ P and log overall enzyme activity, either in plasma (r = --0.3220, N = 36) or in urine of the final sample r = 0.2351, N=54). It is generally assumed that greater similarity of MZ twins than DZ twins is an evidence for genetic contribution of a given trait. With respect to enzyme activity and protein concentration in the blood, a greater similarity of MZ twins than DZ twins has been reported in cholinesterase (Wetstone et al., 1965, Hosenfeld and Dr/Sssler, 1970) , ceruloplasmin (Hosenfeld and Schr/Ster, 1970) , alkaline phosphatase (Hosenfeld and Schr6ter, 1970) , lactate dehydrogenase, malate dehydrogenase, glutamic-pyrumic transaminase, glutamic-oxalacetic transaminase (Schloot et aI., 1966) , glucose-6-phosphate dehydrogenase in both males and females (Brewer, 1967) , serum immuno-globnlin (Kalff and Hijmans, 1969) and serum Ig E (Bazaral et al., 1974) . On the contrary, a greater similarity of DZ twins rather than MZ twins has been reported in cholinesterase (Simpson and Kalow, 1963; Schloot et al., 1966) , glucose-6-phosphate dehydrogenase in males (Beiguelman et al., 1970) and immunoglobulin (Carbonara et al., 1970) . The different results among different investigators may be due to sampling error, age and sex difference or small number of twin pairs. In the present study urine amylase indicated a significant and higher correlation in MZ twins than in DZ twins as to overall activity, but not in the rate ofisozyme activity. In plasma, on the other hand, correlations of MZ twins were significant and higher than those of DZ twins in all respects, though z test indicated a difference between MZ and DZ intraclass correlations only in overall amylase activity. It is concluded that overall amylase activity of both urine and plasma is at least genetically controlled. From family data heritability of overall plasma amylase activity is estimated between 0.4408 and 0.5298.
